was born on 23 July 1891, at Stourbridge in Worcestershire. He came of an old Worcestershire family, some of whom ran into trouble in Cromwellian times because of their Royalist sympathies. Ele is said to have been the fourteenth bearer of the name William H. Pearsall. His father, William Harrison Pearsall, was a schoolmaster who moved to Dalton-in-Furness when Harold was quite a small boy to become headmaster of Broughton Road School. W. H. Pearsall senior was an excel lent teacher, and Mrs T. G. Tutin writes: 'When I was a schoolgirl in Barrow I knew people who had been pupils of the elder Pearsall in Dalton, and they still spoke of what a kind man and wonderful teacher he had been and how he had made them look at plants.' He had very definite views on the way to bring up his own and other children. It was his belief that one should 'never do for a child what a child can with reasonable effort do for itself', and the playroom in the Pearsall house had a large printed notice bearing the three words: T H IN K TR Y ASK. Apart from his competence as a teacher he was also a good organist and trainer of choirs, a Methodist laypreacher and a first-class naturalist who devoted all his spare time to an intensive study of the natural history of the English Lakes. He was a member, and for a time Honorary Secretary, of the Botanical Society and Exchange Club (now the Botanical Society of the British Isles) and became a leading British expert on several genera of aquatic flowering plants and especially on the pondweeds, starworts and water buttercups, publishing many descriptions and keys. His key to British grasses was recently still in use at the Brathay Field Centre near Ambleside.
Artillery and saw active service in France. When he returned to civilian life in 1919 it was with the permanent and troublesome handicap of quite serious deafness which necessitated his wearing a hearing aid. He had meanwhile married Marjory Stewart Williamson, a fellow student at M anchester who had become a lecturer in Birmingham University. Mrs Pearsall is still living in the house in Morecambe which has been the family home for many years. She long taught biology in Morecambe Grammar School, and many of her former pupils have become eminent biologists. The Pearsalls had two sons.
In view of his marriage Pearsall decided against his original intention to enter the Indian Forestry Service because this would involve the expense of further training, and in 1919 he applied successfully for an Assistant Lectureship in Botany under Professor J. H. Priestley in the University of Leeds. He was promoted to a Lectureship in the following year, and in 1920 he gained his D.Sc. of Manchester University for his work on the aquatic and marsh vegetation of the English Lakes. In 1922 he was made Reader in Botany at Leeds, the post he continued to hold until, in 1938, he was appointed to the Chair of Botany in the University of Sheffield. He was elected a Fellow of the Royal Society in 1940 (as was his ancestor W. Pearsall in 1663) and when, in 1944, E. J. Salisbury resigned from the Quain Chair of Botany at University College London, Pearsall was appointed to succeed him. He was made Emeritus Professor and an Honorary Research Associate of the College on his retirement from the Quain Chair in 1957.
After his retirement Pearsall continued active work, especially for the Nature Conservancy and the Freshwater Biological Association, but also for the numerous other bodies with which he was associated. He died from a brain tumour, after only a few days of serious illness, on 15 October 1964.
From the start of his academic career Pearsall rose rapidly in standing both as a university teacher and as a scientific research worker. He was an outstandingly good teacher, quietly lucid with the right amount of emphasis where it was needed, but always careful to dispel any impression that he was making ex cathedra and infallible pronouncements. 'Often', writes a former pupil, M. J. Woodman, 'his solemn statement would be quickly followed by an outrageous comment and a roar of laughter at our surprise.' He attached much importance to seminars and informal discussions in which all were treated on equal terms and all were encouraged to contribute without fear of being thought lacking in knowledge or intellectual brilliance. He showed an obvious sincere approval of any willing to chance his arm, and by persistent and kindly probing he gradually elicited a scientifically defensible judgm ent on the point at issue. His flexibility of mind and complete lack of self-importance, enabling him to share in a genuinely cooperative search for answers to the questions that arose, added greatly to the value of these encounters to all who were fortunate enough to be taught by him. He really did teach them to think for themselves as scientists, and to think constructively with the aim of achieving a synthetic understanding.
It was perhaps on field excursions that students and others gained most from him. Winifred Tutin comments on 'how wonderful he was in the field, and how many-sided was his knowledge', and many an undergraduate or research student has developed a more intense love of the British countryside because Pearsall taught him how to set about an interpretation of its topo graphy and soils, of its communities of plants and animals and of the patterns imposed by its distant and more recent history. Much of the excitement of being in the field with him can still be derived from that masterpiece of ecological thinking and writing, Mountains and moorlands, first published in 1950.
Research students, and especially those working on ecological problems, soon found that there was no limit to the time and energy he was prepared to devote to helping and encouraging them. Winifred Tutin thinks 'he must surely be one of the immortals of science, because of the number of young people in so many different fields whom he has inspired to take up lines of enquiry stemming from his ceaseless flood of ideas. He gave generously of all his time and creative inspiration, not to found a "school" around his name but because he seemed personally concerned that every young worker who wanted to find out about a problem and get at the truth should have the opportunity to do so. If the result of this was to unearth some facts that did not agree with Pearsall's ideas, there followed a rather terrifying period while the results were submitted to his scrutiny. More work and argument went on, but then he was just as pleased if the final results proved him wrong as if he had been right. This surely is a measure of his essential greatness: he didn't mind about Pearsall but only about the truth.' And Dr J. W. G. Lund has vivid memories of similar experiences. 'Having stated a viewpoint he would sometimes argue in favour of it obstinately; indeed, if one took another view one might think him pig-headed. There would then be an interval while one carried out more work and finally one would come to one of two conclusions-either that he was right after all, even though it might be for the wrong reasons, or that you were right and must prove it to him. If you did this to his satisfaction, he was just as pleased as when he was right. I can remember his once saying to me that if I published some thing he would publish a rebuttal. I duly published my paper and then received a characteristic note from him: " Congratulations on debunking Pearsall etalE It is not surprising that those who knew him best loved dearly. No matter whether the views he propounded were right or wrong, he still inspired people, especially younger colleagues, in a way no one else could, and engendered in them an ever-increasing affection. ' T. T. Macan, in his Biological studies of the English Lakes (Longman 1970), writes of Pearsall's visits to Wray Castle, then the Field Station of the Freshwater Biological Association: 'After the staff increased in 1935, work was in progress on physiology of invertebrates, fish, ecology of invertebrates, chemistry and algae. Pearsall used to come over, or occasionally we went to Leeds, and devote an hour or so to discussing the work in all these fields. As a result the way through or round many a research impasse became clear, and each worker was left with ideas enough to keep him or her busy for a long time to come. A detached lay observer watching Pearsall would have gained no inkling that it was unusual for a botanist to be capable of dis cussing constructively five lines of research in three disciplines. A real teacher, he was never more pleased than when he found that somebody had thought for himself and discovered flaws in any of his suggestions. He con tinued to bubble over with theories and speculations and retained very wide interests till the end of his days. The older members of staff, at least, retained the habit of making a mental note to ask Pearsall about it whenever a scientific issue was doubtful or unclear. It was a sad shock when we learned that there would be no more discussions with Pearsall!' Dr D. J. B. White remembers Pearsall as Head of the Department of Botany at University College London. 'I think those of us at U.C.L. will remember him for four things. First, as a near ideal head of department. He believed in young men and he appointed only young men to his staff. All were given responsibilities, by which they stood or fell. Second, for his great gift of being able to discuss with anyone, member of staff or post graduate student, their research work irrespective of their special field of study. One always came away from such a discussion with one or more ideas worth thinking about. Third, for the informal discussions over tea or morning coffee which were so delightful and from which we gained so much. Fourth, as a raconteur with a magnificent repertoire of stories. Looking back, one realizes how much W .H.P. taught us about the rudiments of our job as lecturers, covering not only teaching but such matters as examining, writing references and testimonials and so on. And I am sure we were all better biologists as a result of knowing him . ' Pearsall's six years in the Chair of Botany at Sheffield had been almost entirely wartime years but they were notable in that the Departments of Botany, Geography and Zoology moved in 1942 into more spacious accom modation in a new wing of the main University building, the plans for which had been drawn up before his appointment. He was able, however, to make some modifications to them aimed at improving facilities for experimental botany. The invitation to University College, unfortunately, came before the new building was completely furnished or equipped. In London he inherited accommodation badly in need of modernization and at a time when funds enabled him to make only slow progress. He succeeded nevertheless in providing the experimentalists on his staff with facilities and equipment that slowly but surely removed the more serious obstacles to their teaching and research. In this way, and through the highly successful appointments he made to his staff, he built up a department which could hold its own with any in the country. He also made a notable contribution to the life and work of the College as a whole during the period of post-war development and later.
Throughout this long period in academic posts Pearsall remained an active research worker, both personally and through a succession of research students. During the early part of his time in Leeds he was chiefly engaged in completing his studies of the vegetation of the English Lakes and with activities arising from them. The work carried out, with help from his father, over the seven years 1913-1920 was aimed at throwing light on factors governing the distribution of aquatic plants in the lakes and in the hope that the results 'might bear upon more general problems of aquatic biology'. In the event the findings were indeed found capable of a more general inter pretation; that lakes and lake basins become modified as they increase in age and that the English Lakes present a series illustrating the process of lake development. The evidence on which this generalization was based was published in a paper entitled 'The development of vegetation in the English Lakes, considered in relation to the general evolution of glacial lakes and rock basins' ( P r o c. R. Soc. Lond. B, 92 (1921), 259-a publication of very great importance for British biology, extending the new ecological mode of thinking and concepts of succession in time to the consideration of a wide range of physical and biological features of whole lakes. An interest in lakes as more or less self-contained systems was also emerging in continental Europe at about this time, giving rise to the new science of limnology. The feeling was soon being expressed that there should be a British centre for limnological research. Three biologists were particu larly involved in the realization of this aim: F. E. Fritsch, Professor of Botany at Queen Mary College, London; J. T. Saunders, a zoologist at Cambridge who was much interested in freshwater biology, and Pearsall. Pearsall and Saunders met in 1924 and resolved to work together towards this goal; and Fritsch emphasized the need in his Presidential Address to Section K of the British Association for the Advancement of Science in 1927. At the B.A. meeting in the following year a committee was set up to canvas the proposal amongst the various groups and organizations that might be interested in freshwater biological research. These included universities, water and sewage-disposal authorities, angling associations and many private individuals. By 1929 the response was deemed adequate to justify founding a Freshwater Biological Association and it was hoped that funds could be raised for building a research centre for it. But times were bad for fund raising and the best that could be achieved was to lease from the National Trust, in 1931, three rooms in Wray Castle, close to the west shore of the north basin of Windermere, a sham-Gothic structure very unlike a modern laboratory building but suitably situated and made adequate by the small group of enthusiasts who were to initiate the Association's research effort. These consisted of two young Cambridge graduates, P. Ullyott and R. S. A. Beauchamp, and the still younger George Thompson, straight from school. They were joined by Miss P. M. Jenkin, a research student financed by a grant from Newnham College, Cambridge. In 1935, when the Youth Hostels Association vacated the rooms they had been occupying, the F.B.A. were able to take over the whole of Wray Castle; and in the following year the meagre government grant was substantially increased after an inspection. It then became possible to add to the staff and to appoint, ' The soil complex in relation to plant communities', with its emphasis on the ecological significance of the oxidation-reduction potentials of the substratum. Publications on bog ecology followed from 1941 onwards. By the time he was elected President of the British Ecological Society he was widely acknowledged as one of the leading British ecologists. This was the period when a group of ecologists under the leadership of Professor A. G. Tansley (later Sir A rthur Tansley) were pressing for a national policy of nature conservation, and Pearsall was amongst the most active of those involved. He was made a member of the resulting Nature Conservancy on its establishment in 1949, and was Chairman of the Scientific Policy Committee of the Conservancy from 1954 to 1963. On the Conser vancy, and especially as Chairman of the Scientific Policy Committee, he was able to exert a very powerful influence for the application of critical scientific thinking to problems of conservation. In a wholly characteristic way he gave up many hours of his time to visiting the Conservancy's research stations and to discussing their problems with members of the staff. He came to know both the research and regional staff very intimately and was there fore able to give invaluable advice as to the tasks they might be set. But his most important contribution was undoubtedly in his formulation of scientific policy with respect to the acquisition of nature reserves and especially to their management. His memoranda on such topics as the aims and practice of the management of woodland reserves and the management of rivers, lakes and mires so as to reconcile the interests of all parties deserve to be more widely known. The staff of the Conservancy were glad to be able to draw on his scientific judgment and general wisdom when obliged to expound the case for acquiring an area as a nature reserve or defending the legitimate interests of conservationists against threats of whatever kind.
The high respect in which Pearsall's ecological judgment came to be held was well illustrated when a proposal was made by the Tanganyika Government to partition the Serengeti National Park. The situation was considered by the International Union for the Conservation of Nature and Natural Resources at their meeting in Edinburgh in 1956 and a resolution passed stressing the immense value of the Park for preserving the remains of the plains fauna of Africa and welcoming the proposal of the Tanganyika Government to set up a special committee to consider the Serengeti. The Union asked that a small British scientific team might study the ecological situation in the Serengeti and that the team's report should be placed before the Government's committee. It was Pearsall who was invited by the Fauna Preservation Society to lead the small team of ecologists, despite the fact that he had never before worked in the tropics and had no previous acquain tance with the ecology either of the vegetation of the Serengeti or of its large mammals. Within a couple of months at the end of 1956 he had, as Dr E. B. Worthington has written, 'produced a report which not only assessed the general ecological situation but also gave a clear focus to the objectives of the National Park and adjacent Conservation Area and made practical proposals for sorting out the scientific and administrative tangle which had developed there. This was the basis for government decisions which have borne good fruit ever since. The fact that some of Pearsall's findings in the Serengeti have been proved erroneous through subsequent more detailed study is of small account. His was a splendid example of how the experienced eye for ecological situations, coupled with an ability to sift out what is significant in available information, can bring good science to bear on practical problems. ' A number of academic and other honours came to Pearsall. Pearsall was a man of tall and slender but athletic build and, with his erect carriage and small close-clipped moustache, had something of the military in his aspect. He was blue-eyed, with fair hair and a pale skin that did not tan deeply despite the amount of time he spent in the open. Mrs Pearsall writes 'he never, all his life, did nothing; he was either botani zing, climbing, fishing, golfing, painting or writing up notes and papers. Every minute was used to full advantage right up to the end, and that is what he wished.' He always appeared vigorous and purposeful, most so, perhaps, when he was striding with obvious enjoyment across a moor or up a mountain, his companions trailing behind him. Those who met him for the first time were at once impressed by his wide knowledge and capacity for penetrating analysis, but they soon discovered his modesty and humanity and an endearing gaiety of spirit. And those who came to know him well will never forget the quizzical smile, the humorous aside, the apt anecdote and then the burst of boyish laughter.
His deafness did not appear to worry him seriously, except, perhaps, during chance meetings in noisy city streets. He was, indeed, often laughingly accused of using it to his advantage when he was in the chair at meetings; of so adjusting his hearing-aid as to select only what he thought it useful to hear.
His working philosophy was admirably expressed in his speech on behalf of all the honorary graduates when he received his Hon. D.Sc. from the University of Birmingham in 1963. Addressing those students who were graduating that day he quoted Thoreau: 'Be not afraid to build your castles in the air, but be very certain that you put good foundations beneath them ', commenting that this was good scientific practice as well as good architecture. He continued: 'The second philosopher I should like to draw on at this stage would be Father Brown, the delightful Roman Catholic priest in G. K. Chesterton's detective stories. You may remember his remark: " The trouble is not that they don't see the solution; the fact is that they don't see the problem" ! He continued: " Carefully defining one's problem is a principle as vital to research as to success in other walks of life." He further quoted his father as saying that an educated man should develop his own elementary gifts not only by working hard in his own special field but also by engaging in one public activity. There can be no doubt that these three principles guided Pearsall throughout his full and productive life as scientist and public figure.
Scientific work The English Lakes and their development
Reference has already been made to the fact that Pearsall's extensive and distinguished researches on the English Lakes began seriously in 1913 when, with the help of his father, he embarked on a comprehensive survey of those features of the lakes that might have relevance for an understanding of the 520 distribution of their aquatic vegetation. Special early attention was given to Esthwaile, where a winding shore with promontories and deep bays, providing a wide range in degrees of exposure to wind and wave and in correlated rates of sedimentation and types of sediment, seemed also to favour an unusually large number of different plant assemblages, both aquatic and littoral. The decision to concentrate first on Esthwaite proved extremely valuable, because it enabled Pearsall to increase his familiarity with the various assemblages and to reach conclusions about the environ mental conditions favouring each, thus paving the way for the later compara tive investigation of all the larger lakes.
The two parts of the paper on 'The aquatic and marsh vegetation of Esthwaite W ater' appeared in the Journal Ecology in 1917 and 1918 respectively. The first part deals with the physical features of the lake and with the aquatic and reed-swamp communities. Pearsall points out that the lake is held up by morainic material and that its three promontories are also of morainic origin, there being little rock exposed on the lake shore. The water is brownish and light penetration is much poorer than in Windermere. It also contains more total residue than the waters of Windermere and Coniston, presumably because it comes from flags and grits of the Bannisdale and Coniston series rather than the harder Borrowdale rocks. Compared with the Norfolk Broads, on the other hand, the waters are quite poor in mineral salts. Reference is then made to the wave-cut terraces that occur along almost the entire shore-line, their outer edge very uniformly at 3 ft below the summer water-level, the slope then steepening suddenly down to 4 or 5 ft. This characteristic moulding of the shore-line is due to erosion by breaking waves with removal of the eroded material by undertow to form an extension of the terrace. Pearsall concludes from his observations that 'water forces are set up capable of moving fine gravel to a depth of 3 ft, and finer sediments to still greater depths. Usually, bare stones do not occur below 6 ft unless the slope exceeds 40°. Most of the eastern shore, to this depth, is composed of primitive rounded morainic stones or, if more exposed, is gravel. The floor below 6 ft is normally, in various degrees, silted.' Three types of substratum may be recognized: rock, gravel or rounded stones where sedimentation is prevented by slope, currents or active erosion; a layer of inorganic silt, where silting is in slight excess of disturbing factors, and deeper deposits where sedimentation is rapid and practically independent of disturbing factors.
There follows an account of the aquatic and reed-swamp communities and an analysis of their distribution round the lake-shore. Pearsall assumes that the steady changes in the chemical and physical nature of the floordeposits close to the shore between a point on one of the exposed promon tories to another in an adjacent sheltered bay show that the bay 'must have been colonized by plants for by far the longest period'. This follows from the fact that the loose grey-brown silt of the bay contains over 22 per cent of organic matter whose presence can only be due to plant colonization and Biographical Memoirs decay; the difference between the silt in the bay and the bare rounded stones on the promontory is readily explicable by the absence of wave-action in the bay. It follows in turn that the communities of the bay must be 'genetically' ancient, while those towards the outer face of the promontory are by comparison recent. The only closed reed-swamps and water-lilies occur in the sheltered bay. By starting from the outer face of the promontory and moving into the bay we can thus reconstruct the succession of aquatic and reed-swamp communities. At more than 6 ft depth and on thin silts of organic content, less than 10 per cent, there is a zone dominated by Jlexilis below which the light intensity is too low to support anything but scattered families of JVitella Jlexilis. Where the organic content of the silt lies between 10 and 15 per cent there is a more mixed community of linear leaved species which include Potamogeton spp. and Callitriche hermaphroditica as well as JVaias. A community dominated by JVitella jlexilis also occurs on basically inorganic silts but is characteristic of areas of the lake-floor where the organic content of the silt reaches 15 to 20 per cent.
JVitella may form a fringing zone below the linear-leaved community and on silts with only 10 to 15 per cent organic matter, this being interpreted by Pearsall as arising from its lower light requirement. The organic content of the silt continues to rise through the succeeding communities dominated first by Sparganium m i n i m u m , then by Nymphaea alba and next by reed-swamp of Schoenoplectus lacustris and Phragmites, reaching over 30 pe W ith progressive accumulation of silt and organic m atter the level of the lake-floor rises from stage to stage in the sequence. At depths of less than 6 ft, and on parts of the shore-line where vigorous wave-action has prevented progressive colonization because of the instability of the substratum, the stoloniferous rosette-plant L ittorellalacustris may sooner or later succ establishing itself on gravels which become increasingly stabilized as the Littorella sward develops. Another rosette-plant, Lobelia , may enter later and, when progressive stabilization has resulted in some accumulation of organic m atter with a little silt, the community is followed by open reedswamp of Schoenoplectus and Phragmites. There are local variants of these successions, and there may be arrest for considerable periods of balance between deposition and removal.
The second part of the paper reports observations on the zoning of marginal communities from which inferences were made on variations in the course of succession from open water to woodland or wet moorland in relation to the nutrient level of the substratum. Where such silt, deposited by flood-water from the Black Beck, maintains a high level of available plant nutrients, a species-rich reed-swamp dominated by Typha latifolia passed into marsh and then into thicket of the willows Salix purpurea and S. decipiens. Some little way from the mouth of the Beck there was an inter mediate type of zonation in which reed-swamp of Schoenoplectus lacustris towards the open water and Phragmites inshore was followed by sedge-fen and then by carr dominated by the grey sallow, Salix and with a great variety of associated herbaceous species except where the canopy was very dense. Finally, in the 'area of slow sedimentation', at the north end of the lake but remote from the mouth of the Black Beck, a more or less similar reed-swamp was immediately adjacent to a species-poor Moliniadominated community with local Myrica gale. Pearsall concluded that these different zonations arose from correspondingly different successions in time, and that these arose from the influence of different rates of silt-deposition on the nutrient-level of the substratum. He found some evidence that a Afo/mfa-dominated community might also follow the sallow-carr, within which he could see no sign of regeneration of the dominant shrub so that it appeared to last only for a single generation. Molinia was locally abundant even in the closed carr, and he supposed it to persist as dominant after the death of the sallows. Observations of the surface vegetation and of plant remains below the surface of the peat at Rusland Moss, only six miles away, showed that there iUo/mm-dominated vegetation had been invaded by bog-mosses and converted into bog. He inferred that, in the absence of rapid silting, lowland aquatic successions in north-west England would result in bogs even at the present time provided they were not deflected by natural or artificial drainage. This conclusion aroused much interest amongst British ecologists. It was clear that existing bogs had arisen in this way, but the view that climatic conditions in this country might, at least locally, still favour the transition from sallow carr to bog was not widely held.
During his intensive study of the plant communities of Esthwaite, Pearsall made carefully drawn maps of the vegetation, both aquatic and littoral. When, in 1929, he was able to repeat the mapping, he provided what is perhaps the most useful body of data available in this country for the study of actual successional changes. His two maps are published side-by-side in A. G. Tansley's The British Islands and their vegetation (Cambridge University Press, 1939), and make it possible to see at a glance that in the area of slow sedimentation the outer edge of the Phragmites reed-swamp advanced, in the fifteen years between the two mappings, about thirty metres into the open water and that over the same period it was replaced by Moliniadominated vegetation to a depth of about 100 metres. It can also be seen that the willow thicket and sallow carr have extended considerably. A third mapping of the same area is almost complete and it will be of very great interest to see how far the reconstructions of vegetational succession made by Pearsall over fifty years ago match the changes that have actually taken place. There are indications that he was broadly right in most respects but that the interpretation of the Molinia-dominated areas may need In the same volume of the Journal of Ecology with the second part of the Esthwaite paper there appeared a further paper by Pearsall 'On the classifica tion of aquatic plant communities' {J. Ecol. 6 (1918) , 75-84). Here Pearsall defends the treatment and nomenclature adopted in the Esthwaite paper, arguing strongly that the plant communities of open water, reed-swamp
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William Harold Pearsall and the various types of marsh, fen and bog arc properly regarded not as separate entities but as well-marked phases of successional units. Following Clements he terms the phases 'associes' and 'consocies' and points out that communities with their main species belonging to the same class (Elodioid, Rosette, etc.) in W arming's life-form classification may be corresponding phases of the successions in different habitats but represented by different assemblages of species.
The main interest of this paper, however, lies in the expression of Pearsall's views on what environmental factors were primarily responsible for the presence of one plant community rather than another. The content of the lake water in mineral nutrients had been regarded as a major determining factor. Pearsall pointed out that lakes with water rich in mineral salts, because they normally lie in geologically stable areas with finely divided superficial layers, tend to receive large quantities of fine suspended m atter during floods and to be in advanced stages of silting-up. Those with poor water are found on the whole in mountainous districts with hard rocks, the slopes of their shores are steep and unstable and their marginal sediments tend to be more local, more coarse-grained and less rich in immediately available plant-nutrients. Thus the plant communities of mineral-rich waters live in a set of conditions that usually occur in association but are not necessarily related; and the same is true of mineral-poor waters. There is consequently 'a danger of confusing plants characteristic of waters poor in mineral salts with those found colonizing the products of recent erosion or sedimentation . . . The paucity of species in many primitive lakes is certainly due primarily to the absence of sediments and therefore of suitable substrata rather than to the paucity of their waters in mineral salts.' The community dominated by Littorella lacustris, on the other hand, might be thought to favour mineral-poor waters because of its frequency as a colonizing com munity on the barely stable gravel so characteristic of lakes in rocky basins, but in fact it has been recorded in calcareous lakes in both Scotland and Ireland.
If indeed the physical and chemical nature of the substratum is a deter mining factor comparable in importance with the mineral content of the water, then it must be supposed that the aquatic plant derives some, at least, of its mineral nutrients from the substratum, despite the generally accepted view that most aquatic plants lack root-hairs, and cannot absorb effectively through their roots. To this Pearsall responded with a list of eleven species of submerged aquatics in which he had himself seen roothairs, together with seven others vouched for by R. H. Pond. He also quoted the observations of K. Snell in Germany and R. H. Pond in the United States that six different species of aquatics grew more vigorously when rooted in the substratum than when anchored over it, and especially when rooted in soil rather than sand. Pearsall conceded that there was probably £a certain degree of equivalence' between dissolved and suspended matters in lake waters, but suggested that we may expect some aquatic plants to be calcicole or calcifuge and some to show preferences for predominantly 523 inorganic or organic substrata just as do terrestrial plants. He concluded that 'the chief habitat factors governing the distribution of aquatic vegetation in lakes seem to be (i) large variations in the dissolved mineral and organic content of the water, (ii) variations in the amount and type of sediments deposited and the effect of these on the substratum, (iii) the physical and chemical nature of the primitive lake floor-if exposed'.
Even today the relative importance, for the distribution of aquatic plant communities, of the nutrient levels of water and substratum is a matter for discussion. Pearsall's great contribution arose from his insistence on a broad and dynamic ecological standpoint and from his intimate knowledge of the patterns of plant distribution in Esthwaite and others of the English Lakes. He was, however, at some disadvantage because these lakes cover a quite narrow range in the mineral content of their waters, only those of relatively low nutrient level being represented. For this reason he perhaps under estimated the ecological significance of chemical properties of the water.
The conclusions of the Esthwaite paper were extended a few years later to all the larger lakes in 'The aquatic vegetation of the English Lakes' (J. Ecol. 8 (1920) , 165-201), which has been summarized in Tansley's account of British vegetation and elsewhere so that there is no need to do more than refer to the main outlines of its contents. Pearsall showed that light penetration varied from lake to lake, being greatest in the very clear waters of Wastwater and least in the peaty Esthwaite and Bassenthwaite: vegetation descends to 7.7 metres in Wastwater but only to 4.1 metres in Esthwaite. Above the limits set by light intensity the distribution of aquatic vegetation was relatable to rates of silt-deposition and to the physical and correlated chemical properties of the materials deposited. The arrangement of different plant assemblages in more or less narrow zones parallel to the shore and differing in their depths below the water-surface, which might at first sight be thought due to different light-requirements, was interpreted as arising more generally from differences in the rate and type of silting in the different zones. Thus the Isoetes lacustris c rosette species cannot adjust its rooting level and which is therefore intolerant of any but extremely slow rates of silting, occupies large areas over a con siderable depth-range in such little-silted lakes as Wastwater and Ennerdale, but in Windermere is almost confined to that part of the wave-cut terrace where wave-action prevents the deposition of silt. Here, then, its depthrange is much restricted, and it is nearly absent from the more heavily silted Esthwaite. Littorella l a c u s t r i s , another rosette plant, is o zone above Isoetes, apparently because it can from time to time establish itself on wave-beaten gravel and bring about a degree of stabilization by the ready rooting of its stolons. Its restriction may perhaps be due to a relatively high light-requirement. The Nitella associes occurs in all the lakes on soft deposits of low to moderate organic content. It is widely present in the zone below Isoetes, where the undertow deposits materials of varying fineness. Sometimes, as in Ennerdale, it may occupy a zone of maximal,
524
Biographical Memoirs though still not heavy, silting with Isoetes both above and below it. Juncus fluitans, on coarse deposits, and Potamogeton spp. on fine silts, form zones locally where sedimentation is more rapid.
Although his observations were only of zonations, Pearsall felt able to make some inferences about the course of successional changes, corre sponding to those he made for Esthwaite. He supposed that progressive changes in the plant environment, as by increases in the depth and organic content of the silts, can bring about replacements of one community by another. This was taking place most obviously in sheltered bays and near the mouths of inflow streams, where sedimentation was most rapid, and especially where shallow water permitted the establishment of floating leaved and reed-swamp species and accelerated the rate of deposition. Such communities were very local, especially in lakes with steep rocky basins. In them, and on exposed shores of other lakes, the observed zonations were presumably static, the result of a balance between deposition and removal, and succession could arise only from disturbances of this balance.
Pearsall's early work on the English Lakes culminated with the publica tion, in November 1921, of his seminal paper 'The development of vegetation in the English Lakes considered in relation to the general evolution of glacial lakes and rock basins' (Proc. R. Soc. Lond. B, 92 (1921), 259-284. This summarized seven years of extensive and intensive surveys of those features thought likely to have relevance for understanding the vegetational and other differences between individual lakes. Amongst the features surveyed with the help of his father were the percentage of the lake shores, down to 30 ft depth, that were rocky; the percentage of the drainage system cultivated or cultivable; the transparency of the water and chemical characteristics of the lake deposits and waters. These were then compared with vegetational features of the various lakes, including the types of phytoplankton present, and with certain other biological data.
The paper dealt with eleven of the larger lakes, omitting Thirlmere and all lakes smaller than Buttermere. Pearsall pointed out that the whole of the Lake District was heavily glaciated during the Pleistocene, that a number of rock basins were left after the final retreat of the ice, and that the present lakes all lie in such basins and are thus very similar in origin. But they differ today, and very notably, in the extent to which their shores are rocky: from 12 per cent for Esthwaite up to 66 per cent for Ennerdale and 73 per cent for Wastwater. Clearly related are the percentages of the drainage system cultivable, only 5.2 per cent for W astwater and 5.4 per cent for Ennerdale at one end to 45.4 per cent for Esthwaite at the other, these estimates being based on the proportion of alluvial pasture and gentler soil-covered slopes and excluding scree, rough pasture and the moorland of the flatter hill-tops. In general the rocky lakes, including Wastwater and Ennerdale, lie among steep uncultivable slopes, while the silted lakes, Derwentwater, Coniston, Windermere, Ullswater and Esthwaite, lie among gentler soil-covered slopes. There is, however, a further factor contributing to differences in degree of silting; that the softer rocks along the shores of the more silted lakes are more easily wave-eroded. Transparency of the water was also correlated with rockiness of the shore-line; the rockier the basin the more transparent the water, because the water of the more silted lakes carries more fine material in suspension.
All the lakes are 'notably poor in dissolved minerals, and particularly in calcium and carbonates'. The more rocky lakes have a higher ratio of dissolved (Na + K) to (Ca + Mg) than do the silted lakes. Pearsall showed that the fine sediments characteristic of the silted lakes have a higher K content than do the coarser sediments, and he inferred that this might be due to absorption of K by colloidal material accompanied by a corresponding release of Ca and Mg into solution. In the K-rich fine silts there was a rapid breakdown of organic matter, which accumulated undecayed in K-poor coarse sediments.
The general conclusion is that the lakes lying on the hardest rocks have changed least and are still rocky and relatively primitive', those on softer strata are now more silted and therefore more highly evolved. The group of lakes may then be placed in a series illustrating the stages in post-glacial development of a typical rock-basin lake. This makes it possible to study the development of the post-glacial flora and fauna of such a lake. On this assumption Wastwater and Ennerdale are the most primitive and Windermere, Ullswater and especially Esthwaite the most highly evolved, though it must not be overlooked that the topography of Esthwaite was probably never as primitive as that of Wastwater. The direction of evolution may, however, be presumed to have been the same in both.
The vegetation of the lakes was considered under two headings: attached vegetation and free-floating vegetation or plankton. In dealing with the former, Pearsall concentrated in this paper on the distribution of individual plant species rather than communities and placed them in three categories: (i) primitive plants ( I s o e t e sa nd Charads), (ii) bulbosus f. fiuitans, Callitriche spp., Potamogeton spp., Naias ), and (iii) plants of organic substrata ( M y r i o p h y l l u ms pp., Ranunculus spp., Utricularia spp., Sparganium m i n i m u m , Fontinalis antipyretica and other mosses). Elodea canadensis could be placed in both the second and third categories.
In the most primitive lakes, Wastwater and Ennerdale, very large parts of the shore are devoid of vegetation but locally and round a depth of six metres, where some wave-eroded sediments are deposited, both Isoetes and Nitella are found, the latter in the zone of maximal sedimentation. Plants of the second and third categories only occur on abundant coarse fluvial sediments in rather shallow water, and they are confined to a few localities such as near the mouths of inflow streams where Juncus fluitans replaces Isoetes and Nitella. In Derwentwater, a lake of intermediate type, Nitella is still abundant at the same depth but its downward extension is curtailed by reduced light intensity while its upper limit coincides roughly with that of the mean silted 526
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area.
Isoetes is now most abundant in much shallower water, having obviously been replaced at greater depths by the combined effects of silting and competition with Nitella. Its extension into shallow water is stopped by the development of L i t t o r e l l ao n marginal gravel and sand. Isoetes is thus confined to the least eroded and least silted, or most primitive, part of the shore.
Juncus jluitans and
Potamogeton perfoliatus are on abundant sedim shallow water near stream-mouths, and P. perfoliatus is found in small quantities replacing Nitella in deep water. In W indermere silts are much more abundant, Liltorella and Nitella have almost completely replaced Isoetes and Juncus jluitans is quite absent. P. perfoliatus and Elodea are becoming abundant where Isoetes must formerly have been, while P. praelongus and P. berchtoldii are becoming abundant in the Nitella region. Esthwaite shows a further advance on the Windermere stage, Isoetes being nearly absent and Nitella encroaching on the Littorella zone, while N a i a sa nd other species are to some extent replacing Potamogeton spp. It is thus apparent, concludes Pearsall, that the zonation of aquatic plant species along a shore is an attribute of evolved lakes and is dependent on the condition of the substratum as determined by the silting factor. There are certain anomalies, but these he finds it possible to explain in terms reconcilable with his main thesis. Thus Coniston and Ullswater have much Isoetes as well as abundant Potamogeton. Both are more heavily silted than would be expected from the small percentage of cultivable land in their drainage systems and this is due to washings from lead and copper mines. Where the shores are strongly wave-exposed they retain their primitive character and, because of an impenetrable glacial till, Isoetes can hold its own against an extension of Littorella, Nitella or Potamogeton.
As far as planktonic algae are concerned, Pearsall's own observations and those of others showed a wide range in species-composition. The primitive lakes have a desmid plankton with Peridinium willei and Sphaerocystis schroeteri abundant but with diatoms inconspicuous. The more evolved lakes have a diatom plankton with associated Ceratium hirundinella and Eudorina elegans. The three most advanced lakes (Windermere, Ullswater and Esthwaite) have in addition many Cyanophyceae (Myxophyceae), at times dominant in Esthwaite. The desmid plankton is correlated with a high ratio of (N a+ K ) to (Ca -f-Mg), and the abundance of diatoms with high concentrations of silica. A bundant Cyanophyceae seem associated with a high organic content. It is inferred that there was a post-glacial development of plankton from an early desmid type through various diatom types to that in which Cyanophyceae are abundant or seasonally dominant. The greatest bulk of phytoplankton is found in the evolved lakes whose waters are richest in mineral nutrients.
The stage of advance of a lake is also reflected in its fish fauna. Primitive lakes have trout and char, but the evolved lakes are characterized by perch, pike and eels. The total quantity of fish increases with evolutionary advance, but the more primitive and intermediate lakes have the more valuable fisheries because of the presence of trout. Derwentwater, Crummock and Hawes W ater are outstanding in this respect.
Pearsall summarizes his conclusions thus: 'The data presented show that a very close connection exists between the flora (and fishes) of the English Lakes and the physical and chemical conditions of their shores and waters. These lakes are of the same age (glacial), of similar origin, and lie among rocks possessing relatively uniform characters. It is therefore possible to attribute the differences they show to variations in the rates of erosion and sedimentation of the lake basins, due to inequalities in the durability of the underlying rocks. In distinguishing rocky from relatively silted lakes, a contrast is therefore made between primitive and more highly evolved lakes, and it becomes possible to describe the stages in the post-glacial development of vegetation. The conception has particular value biologically since it permits the study of the post-glacial development of vegetation. ' This remarkable paper shows Pearsall at his highly characteristic best. Especially notable are the large amount of preliminary field-work, the adventurous boldness of the deductions from the field observations and then the splendid and satisfying simplicity of the resulting synthesis. He inferred successions from zonations and stages in a common evolutionary process from comparisons between lakes at a single point in time far removed from the supposed starting-point. It was a deserved tribute to his obviously high calibre as a scientist that his conclusions were found convincing and accep table. During the almost fifty years since its publication they have dominated scientific thought about the biology and post-glacial history of the English Lakes, not in the sense that they were felt to make further investigations superfluous but in stimulating the search for further evidence by which to test Pearsall's theories and the extension of his generalizations to other lakes, other areas and other groups of organisms. Much of the work so stimulated was carried out in close association with him, by his own research students and by workers at the Freshwater Biological Association's labora tories, first at Wray Castle and later at Ferry House. A valuable account both of Pearsall's original work and of later investigations may be found in
T. T. M acan's Biological studies of the English Lakes (Longman 1970).
It would be surprising if all Pearsall's daring inferences from observations made between 1913 and 1920 should still be found correct in all respects. Perhaps the most frequently doubted has been that all the lakes are to be regarded as progressing steadily, though at widely differing rates, from conditions unfavourable for the growth of attached plants and phytoplankton to a richly silted state permitting both a luxuriant vegetation along the shores and an abundant plankton. Some of the limnologists who classified lakes by their trophic level also recognized a general tendency for oligotrophic lakes to become increasingly eutrophic, a tendency that may be markedly and damagingly accelerated in the 'eutrophication' due to human influences in the drainage basin. The first hint that the story might, in some circum stances, be more complex than Pearsall thought came from an investigation by Winifred Pennington (Mrs T. G. Tutin) reported in the paper 'Lake sediments: the bottom deposits of the North Basin of Windermere, with special reference to the diatom succession'. Cores from the bottom deposits provided evidence of a period, 8 to 10 000 years ago, when the diatoms included species regarded as indicating cold conditions, then of a longer period, extending over perhaps seven millennia, when the cold indicators were no longer present and the diatom flora remained more or less un changed. Only in the top 20 cm does the present-day plankton, dominated by Asterionella, make its appearance. These findings were interpreted as showing a long period of 'trophic equilibrium' rather than of slow steady progression and then a quite recent eutrophication relatable to pollution by sewage.
F. E. Round, in studies of the diatom succession in cores from the bottom deposits of Kentmere (1957) and Esthwaite (1961) , reached the radically different conclusion that an early post-glacial period of high nutrient content of the lake-waters was followed by a decrease in diatom species characteristic of base-rich water and the appearance of acidiphilic species. A quite recent eutrophication, like that shown by Pennington for Windermere, was inferred from the sudden abundance of Asterionella with Melosira sp. subarctica at the top of the Esthwaite deposits; this was not found at Kentmere.
Already in the 1921 paper Pearsall emphasized that, as the country surrounding a lake, 'weathers from crag and scree into gentle slopes and soil', the solid m atter reaching the lake by down wash and stream-carriage will be more and more a product of soil-erosion. Or, as F. J. H. Mackereth (in 'Some chemical observations on post-glacial lake sediments', Phil. Trans. R. Soc. Lond. B, 250 (1966), 165-213) has put it, 'One may then regard the sedimentary sequence of a lake deposit as a series of samples of soils eroded from the drainage basin and deposited chronologically in the lake bed.' There can now be little doubt that the history of these surrounding soils holds many of the keys to such problems as are raised by studies of the actual diatom-successions in the lake deposits, and both Pearsall himself and workers associated with him have succeeded over the years in illuminating many of the obscurities. Only part of this story belongs properly to a section dealing with work on the lakes themselves but, briefly, the two main points are that, in the cool and moist climate of the Lake District, soils stabilized by an unbroken vegetational cover on no more than gently sloping ground become progressively leached, while unprotected soils are liable to erosion and removal of their upper layers by transport into the lakes. The soil so removed by erosion and deposited on the lake floor appears to be protected from further long-term chemical changes, though there may be some initial exchange with the lake-water. On the whole it may be regarded as 'fossilized' in much the condition it was in at the time of removal by erosion. It follows that the nutrient ions of the lake-water are derived in the main from soil in s i t u , and that its nutrient level will therefore be highest in periods when erosion is least intense so that nutrient ions can be steadily removed by leaching from soils maturing undisturbed. It may be supposed that the rate of leaching will decline during a long period of soil-stability, so that lakewaters will slowly fall in nutrient level over the period. The chemical analyses of lake-sediments carried out by Mackereth ( . and, in particular, their content of Na and K, are interpreted as showing a period of very high erosion-intensity during the closing stages of actual glaciation. Then came a period when the previously almost wholly inorganic sediments were replaced by sediments with some organic matter but a much lower content of Na and K, this presumably representing a phase of soil-formation under a vegetational cover, with little erosion and much leaching. The Na and K removed by leaching must have passed into the lake-water, giving rise to the post-glacial maximum of mineral richness reflected in Round's diatom sequences. This phase seems to have lasted for four or five thousand years and to have ended about five thousand years ago, after which the sediments steadily increased in their content of Na and K. Then, presumably, the lake-water must have suffered a corresponding decrease in Na and K, which is again reflected in Round's evidence for declining nutrient-level and increasing acidity. This would have been a long period of steadily increasing erosion and a consequent lessened efficiency of leaching, and it was almost certainly due to progressive deforestation coinciding with climatic deteriora tion at least over part of the period. Pearsall & Pennington (J. Ecol. 34 (1947) , 137-148) had already inferred a period in the Lake District, extending from perhaps 1500 b .c . until the last two centuries, during which forest destruction was associated with soil erosion. This was based on correlating certain features of the pollen analysis and organic content of the Windermere muds at different depths. In all this Pearsall's original story has lost in simplicity while gaining greatly in ecological interest, but its main outline remains and continues to illuminate and challenge.
O f special interest in connexion with Pearsall's work on the English Lakes has been his apparent independence of the main European and American schools of limnology, in particular of their classification of lakes into the categories e u t r o p h i c, oligotrophic and dystrophic. He continued throughout to think of a series of lakes, continuously and more or less consistently g in respect of the various features he studied but not readily divisible into only two or three classes. This was, of course, in line with his evolutionary conception, but he must have been gratified when leading European limnologists began to express grave doubts about the validity of the trophic classification in its original simple form.
Terrestrial ecology
From his boyhood days Pearsall had wandered all over the mountains and moorlands of the Lake District, and his post at Leeds gave him easy access to all the Pennine uplands and to the North Yorkshire moors. From an early stage in his academic career he was thinking and writing about problems of terrestrial ecology despite his preoccupation with the English 530
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Lakes. His first really noteworthy contribution in this field was his Presi dential Address to the British Ecological Society, delivered in January 1937. The material on which this was based was published as three papers under the general title 'The soil complex in relation to plant communities' (J. 26 (1938) , 180-193, 194-209 and 298-315) . The first of these, on 'Oxidationreduction potentials in soils', dealt with the technique of measurement of those electric potentials of soils which it seemed reasonable to interpret as oxidation-reduction potentials, and with some of the results he had obtained with natural soils. The theory and methodology had been chiefly worked out by physical chemists and biochemists, but a few workers had previously looked at potentials in certain agricultural soils. Pearsall measured the potential developed between a clean platinum electrode inserted into the soil and a calomel electrode connected by a KCl-agar bridge to the same soil-sample. It was necessary to know the pH of the soil and this was con veniently measured with a quinhydrone electrode, the soil being shaken with three times its volume of water and solid hydroquinone added. Potentials of different soils could then be made comparable by adjusting all observed values to a common pH. The standard acidity adopted by Pearsall was pH 5, chosen because it is about the average value for soils in northern England. Observed potentials were increased by 58 mV for every decrease in pH by unity, and vice versa.
Pearsall considered the precautions that must be taken to ensure that measurements are repeatable and at the same time indicative of the natural condition of the soil. He found, for instance, that there were drifts in potential the magnitude of which depended on how tightly the soil was packed. These were eliminated by heating the soil for an hour at 95 °C and were therefore supposed to be of bacterial or fungal origin. He usually found it possible to prevent drift by quickly and carefully dropping the soil sample into toluol in large crumbs of 3 to 5 cm diameter, though this was not an infallible procedure. Waterlogged soils presented special problems, but kneading the soil under toluol with a glass rod much reduced the drifts.
On the basis of these preliminary observations, Pearsall proceeded to collect estimates of soil potentials from a large number of natural soils of widely different types. He showed that in a general way the potentials adjusted to pH 5, or E5, decreased as the water content increased: a water logged soil usually had a potential below 200 mV, and within a range of similar soils there was often a close relation between Es and the depth of the water-table below the surface, the lowest values being associated with the highest water-tables. He showed also, by the use of Misra's modification of Comber's thiocyanate test for base-deficiency in soils, that soils with E5 above 350 mV contained no detectable ferrous iron, while those below 320 mV normally did contain ferrous iron. Also of interest was the correlation found between E5 and the presence or absence of nitrate detectable by such routine methods as the diphenylamine test. Here again, soils with E5 above 350 mV usually did and those with E5 below 320 mV did not have nitrates detectable. The conclusion was that adjusted potentials between 320 and 350 mV mark a transition between soils with and soils without demonstrable products of reduction; those with Es above 350 mV are effectively oxidizing, those with E5 below below 320 mV effectively reducing soils.
The second paper of this group dealt with 'Characteristic woodland soils'. Assuming from the results reported in the first paper that soil potentials, measured in the way described there, may be regarded as oxidation-reduc tion potentials, woodland soils in northern England were divided on this basis into three categories, the first subdivided according to nutrient level: A. Oxidizing soils: (i) base-deficient, with pH below 3.8 and lacking nitrates, characterized by bilberry, the grass Deschampsia flexuosa and woods of birch, with seedlings of birch present; (ii) base-deficient but with pH 3. The third of these papers dealt with 'Moorlands and bogs' and showed that in soils rich in organic matter and in peats high acidity is associated with oxidizing conditions. Permanently reducing peats normally have pH between 5.5 and 4.4, but cotton-grass bog, with peat which is at least feebly oxidizing at times, may have pH below 3.4. Heather and bilberry moors, on the other hand, have definitely oxidizing soils and their pH may fall as low as 2.8. The high acidities result from the oxidation of organic matter and Pearsall demonstrated that the pH of a raised bog is higher the higher the regional rainfall, and that drainage leads to decreasing pH as oxidation proceeds.
These papers are impressive for Pearsall's employment of methods from the physical sciences for the analysis of ecological systems far more complex than those for which they were devised. There were difficulties both of technique and of interpretation, to be sure, but these were overcome or minimized, and in his hands the methods yielded results that complemented his deep ecological insight. Here again, as with the 1921 paper on the evolutionary development of the English Lakes, the story as told owes not a little to Pearsall's gift of imaginative synthesis, but the scientific daring has been amply justified by the great stimulus to further thought and further investigation. In the very next year Pearsall published a joint paper with C. H. Mortimer, then recently appointed to the staff of the Freshwater Biological Association. It was entitled 'Oxidation-reduction potentials in 532 Biographical Memoirs water-logged soils, natural waters and muds' (J. Ecol. 27 (1939) , 483-501), and confirmed that 'approximately stable reproducible potentials can be demonstrated in soils and muds over a wide range, and in natural waters at least in a zone between 250 and 350 mV at pH 5'. It confirmed, too, that products of oxidation (ferric iron, nitrate, sulphate), are found at higher adjusted potentials than 350 mV, while their reduced counterparts (ferrous iron, ammonia, sulphide) are present at potentials below this. It was pointed out that the change-over from oxidizing to reducing conditions takes place in natural waters at oxygen concentrations of only 8 per cent saturation or less, so that a relatively low concentration suffices to maintain oxidizing conditions. In general it was concluded, after an experimental and theoretical analysis, that three main factors may be affecting the actual potentials observed: (i) truly reversible oxidation-reduction systems, (ii) irreversible oxidations and reductions resulting in kinetic steady states rather than true thermodynamic equilibria but sometimes causing drifts in potentials below 200 mV, and (iii) irreversible oxygen systems resulting in potentials above 350 mV. Despite obscurities in the roles of these three sets of factors it was emphasized that the systems examined were reversible in an ecological sense and of considerable ecological significance. There has since been ample justification for this claim for natural and agricultural soils but especially for the bottom deposits and the hypolimnion of lakes. C. H. Mortimer, in particular, published a series of very valuable papers on redox conditions in the bottom muds of Windermere and Esthwaite W ater and showed that changes in these conditions were related to change in the concentrations of dissolved substances in the lake water and therefore to the nutrient levels of the water at different times of the year.
Also confirming and continuing the messages of the Presidential Address to the British Ecological Society were two papers published in 1941. 'A note on a Connemara bog type', published jointly with E. M. Lind (J. Ecol. 29 (1941) , 62-68), showed that permanently waterlogged peats of blanketbog of the extreme Connemara type had pH values above 4.7 and up to 5.5 in their naturally very wet state, but that they developed much higher acidities, with pH falling to 2.5 in some instances, when dried slowly so that oxidations took place. There was no need to suppose that their high pH when wet was primarily due to an external source of bases in sea-spray. The paper on 'The mosses of the Stainmore district ' Ecol. 29 (1941) , 161-175) is one of great interest to the ecologist. It took advantage of maps of the vegetation of the northern Pennines published by F. J. Lewis in 1904 and showed that there had been a considerable reduction in the area covered by Sphagnutn-dominated vegetation since Lewis's day, the 'mosses' being replaced by vegetation dominated by heather or cotton-grass or mixtures of the two. Pearsall was able to demonstrate that these changes resulted from the different ways in which the vegetation had been managed. Regular or frequent burning tended to eliminate the bog-mosses of the genus Sphagnum and to increase the abundance of heather and cotton-grass at their expense. Heavy grazing and trampling by sheep tips the balance against heather and in favour of cotton-grass, but with light grazing and inter mittent burning the two can coexist on more or less equal terms. With slight grazing, and controlled burning at intervals of ten years or so, heather dominates; the extensive grouse-moors of the area are managed in this way. Much of the upland vegetation of the highland zone of Great Britain can be interpreted in the light of Pearsall's findings. In agreement with the previous conclusions as to the acidity of peats he was able to show that the peat under bog-moss communities had a higher pH than that under heather or cotton-grass, which had been subject to modification and consequent oxidation. Fifteen years later Pearsall's continued interest in the ecology of bogs resulted in a study of two bogs in Sutherland {J. Ecol. 44 (1956) , 493) where his attention was attracted by features of the form and location of bog-pools. The paper describes the morphology of the bogs with special reference to the pools and offers suggestions as to the factors operating, amongst them a possible climatic change towards lessened rainfall.
Production ecology
In his Presidential Address to Section K of the British Association, in 1954, Pearsall directed the attention of British botanists to consequences for botanical research of the rapid growth of the world's population and the consequent increasing strain on food production. Since all the sources of food depend on plants, it was clearly appropriate for botanists to consider the scientific problems that might be involved. He considered the various factors that determine the net photosynthetic production on a given area and appealed for comparative data for different crops and for natural vegetation over the range of conditions of climate and soil. He drew attention to the apparently high production by coniferous plantations and by reedswamps in this country and to the need in general for unconventional thinking about productive possibilities.
The Presidential Address was followed up by a series of papers under the common heading 'Production Ecology'. The investigations were carried out with the collaboration of a number of former research students and con stituted an important body of pioneer research in a field that has, since these results were published, attracted the serious attention for which Pearsall appealed. Much of the International Biological Programme is directed towards just this type of research and Pearsall must have credit for having perceived the necessity for it.
The Serengeti Report
Brief reference has already been made to this report (p. 518). Pearsall's most important conclusion was that 'in general, development should not be based only on the amenity interest and tourist traffic, but on the assumption that game preservation is a form of land-use. It can be argued that suitablymanaged herds of game animals, such as wildebeest, gazelle, impala, etc., will yield as much or nearly as much protein or meat as cattle. Suitable control of the balance of populations is likely to require number control of many elements in the fauna . . . Much successful animal conservation in other parts of the world has been based on number control of this sort.' This is an expression of Pearsall's understanding of the true meaning of 'conservation'.
Mountains and moorlands
Pearsall drew on all his vast and intimate knowledge of Britain's highland zone and on his great gifts of creative imagination and lucid wrriting in producing his splendid book Mountains and moorlands (New Naturalist Series: Collins, 1950; revised by Winifred Pennington for the Fontana Library; Collins 1968). Although wrritten so as to be intelligible and of absorbing interest to the am ateur naturalist, it nevertheless provides the serious British student with the best available guide to a scientific analysis of familiar ecological phenomena. In his introduction Pearsall explains that 'while the study of the relations between organism and environment is no new aspect of biological enquiry, it is nowadays dignified by a special name and is called the science of ecology'. He explains, too, the spirit in which the book was written: 'to the biologist . . . highland Britain is of surpassing interest because in it there is shown the dependence of organism on environ ment on a large scale. It includes a whole range of habitats with restricted and often much specialized faunas and floras. At times these habitats approach the limits within which organic life is possible, and they are commonly so severe that man has avoided them. Thus we cannot only study the factors affecting the distribution of plants and animals as a whole, but we can envisage something of the forces that have influenced human distribution. Moreover, in these marginal habitats we most often see man as part of a biological system rather than as lord of his surroundings.' He adds: 'It would hardly be possible to frequent upland Britain without becoming an admirer of its beauty. Its scenery is due to the interplay of its geological structure, of its climate and vegetation, and of hum an influences. It thus becomes im portant to the biologist as an integration of the interplay of these habitat factors and often his first interest will be to look keenly at the scenery for clues in the analysis of the environmental factors . . . Diversity of aspect means diversity of habitat and of biological pattern. It offers a fruitful and as yet hardly explored field for the naturalist's work and one which is particularly attractive because very valuable results can be obtained without highly specialized knowledge or apparatus. ' There can be no doubt that Pearsall succeeded admirably in the task he set himself. In chapter after chapter, on Structure, Climate, Soils, M ountain Vegetation, Vegetation and H abitat and so on, he illuminates his topics with his original observations and insights. In the chapter on Climate he deals in particular with the effects of altitude and aspect and quotes his previously unpublished observations on the performance of the moor-rush, Juncus s q u a r r o s u s , at different altitudes. The chapter on Soils is masterly in its treatment of skeletal and immature soils, of leaching and flushing and of the biological characters of soils. The concept of flushing is widened in a valuable way to include, with the familiar 'damp flushes', a category of 'dry flushes' in which the enrichment is due to the presence of freshlyweathered rock particles, as in screes and gravel slides, the lower parts of steep slopes and any unstable surfaces of crags and gullies and the like. The chapter concludes with a modification of the classification of soils in his 1938 paper, all upland soils being fitted into a 4 x 4 table giving sixteen combinations of nutrient level and degree of aeration or waterlogging.
Throughout the chapters in which the topographical relationships of vegetational types are considered the text is illustrated by means of excellent diagrams based on field sketches. There is a chapter, now extensively revised by Winifred Pennington in the light of more recent research, on Ecological History, which was perhaps the first of its kind. The final third of the book deals with upland animals and animal communities and emphasizes the breadth of Pearsall's knowledge and interest. The final chapter on The Future reveals Pearsall's constant awareness of the necessity for a national policy of land-utilization which will reconcile in a sympathetic and rational way the often conflicting wishes of conservationists, agriculturists, foresters, water-resource planners and organizations concerned with recreation and amenity. But he warns that all forms of land-utilization demand constant watchfulness to prevent deteriorative change. The term 'conservation' covers management plans against such change whatever the form of utilization.
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The whole of Pearsall's ecological thinking involved an awareness of the role of historical factors and he took full advantage of new techniques such as pollen analysis to further his knowledge and to test his theories about the history of the Lake District and of its vegetation. He and Winifred Pennington (Mrs T. G. Tutin) published an early paper on this subject in 1947 (J. Ecol. 34, 137-148) and, as has been said, there was a chapter on ecological history in Mountains and, moorlands. As recently as 1960 he was one of the authors of a paper (J. Soil Sci. 11, 68-76), recording chemical analyses of deep-water sediments from Esthwaite and concluding 'that the lake sediments rather accurately reflect changes in the soils of the lake drainage system due to climatic trends and to alterations in vegetation cover associated with human activity'. And even more recently he was writing on place-names as clues in the pursuit of ecological history (1961) .
Other research interests
During those early years of his academic career, when he was in the Botany Department of Leeds University, Pearsall and some of his research students published the results of several investigations on problems of plant growth and development. These are interesting as showing the influence of J. H. Priestley and as revealing Pearsall's great versatility as a research worker. They display a characteristic interest in the interplay of causal factors in determining the final form of plants and their organs, in mechanisms of integration-clearly related to his attitude towards ecological problems.
A further and more extensive set of publications dealt with the nitrogen metabolism of plants. These emphasize once more Pearsall's versatility and show that he might well have become a first-class plant biochemist.
This account of Pearsall's scientific work and the reference to his breadth of interest and great versatility may fittingly be concluded by quoting from Winifred T utin's tribute to him: 'The last time I saw him, which incredibly was only about six weeks before he died, was for a day on Shoulthwaite Moss near Thirlmere, and provided a representative sample of his interests. First, characteristically, we spent some time debunking ourselves on the subject of recurrence surfaces; we discussed transport of pollen and he had all the necessary meteorological data at his finger-tips; he read the history of soilerosion in the opposite fell-side as we ate our sandwiches; we dug some typesamples of different peats for chemical analysis by Professor R. D. H aworth's electron-spin resonance technique, and ended over our rum -butter tea with Old Norse place-names near Legburthwaite and the agricultural practices they signified.' Small wonder that his death saddened ecologists all over this country and further afield. 
